We examined the production site of the resident intraperitoneal free cells of red sea bream Pagrus major, histologically and electron microscopically. There were many large round cells in mesenteriolum and the adjacent coelomic space near head kidney. Electron microscopical observation showed that the large round cells observed in the mesenteriolum and the adjacent coelomic space were a few heterophil ic granulocytes and abundant large cells with similar morphologies of those observed in the abdominal cavity. In the mesenteriolum and the adjacent coelomic space, there were a few fibroblastic cells with many oval granular or vacuole-like structures, which had morphological similarity to the granules of peritoneal large cells. There were abundant round cells in mesenteries, most of which were heterophilic granulocytes. The 5-bromo-2'-deoxyuridine incorporation experiment revealed that these cells ob served in the interstitial tissue were not aged but the young cells within 4 days after cell division. The results obtained in this study suggest that mesenteriolum and the adjacent coelomic space near head kid ney are one of the pathways of granulocytes and large cells to abdominal cavity and provides the field of large cell production.
Marine teleosts have several kinds of intraperitoneal free cells, differing from freshwater fish and mammals.1) One of them, the red sea bream Pagrus major, which is one of the most important fish in Japanese fisheries, has three kinds of resident peritoneal cells: resident peritoneal macrophages, heterophilic granulocytes, and unclassified large round cells (large cells). In the previous paper, 2) we described the morphology and distribution of the resident peritoneal cells of red sea bream. The resident peritoneal macrophages of the species proliferate not only in the ab dominal cavity but also in vitro.3) However, the produc tion site of the other kinds of cells, heterophilic granulo cytes and large cells, remains unknown. We therefore ex amined the parietal and visceral peritoneum of red sea bream, histologically and electron microscopically. We found that the mesenteriolum and the adjacent coelomic space near head kidney and mesenteries might be the production sites and the pathways to the abdominal cavity of heterophilic granulocytes and large cells. 
Light Microscopy
The media and procedures for procuring peritoneal cells (RPMI-1640 medium for red sea bream: SB-RPMI) were described previously.2) For histological studies, head kid neys and surrounding tissues were fixed with 10% forma lin in 0.151 phosphate buffer (pH 7.4) for one week. The tissues containing bones were decalcified with 5% ethylene diamine tetraacetic acid (EDTA) for one week at room tem perature after fixation. After being embedded in paraffin, sections were stained with hematoxylin and eosin. 
Results
Mesenteriolum and the Adjacent Coelomic Space Near Head Kidney Light microscopically, the mesenteriolum and the adja cent coelomic space near head kidney of red sea bream con sisted of connective tissues and free round cells (Fig. 1) . The abdominal cavity surrounded by pericardial mem brane, air bladder, esophagus, stomach, and liver was oc cupied by intraperitoneal free cells. The round cells in the mesenteriolum and the adjacent coelomic space near head kidney had the similar morphology of peritoneal large cells with marginal, condensed nucleus and round shape and heterophilic granulocytes with eosinophilic cytoplasm (Fig. 2 ). Electron microscopically, there were also abun dant large round cells with a marginal nucleus in the mesen teriolum and the adjacent coelomic space near head kid ney (Fig. 3, arrows) . These cells were similar to resident peritoneal large cells, morphologically. There were a few comparatively smaller cells than large cells with abundant intracytoplasmic granules (Fig. 3 , arrow heads). These granules were similar in morphology to those of heterophil ic granulocytes observed in head kidney, blood stream, and abdominal cavity. Occasionally, we could detect small fibroblastic or undifferentiated mesenchymal cells with a large nucleus and round granular or vacuolous structures similar to the granules of peritoneal large cells, in the mesenteriolum and the adjacent coelomic space near head kidney (Fig. 4) .
Mesenteries
There were abundant round cells in the connective tis sues of mesenteries, histologically. They had eosinophilic cytoplasm, when stained with hematoxylin and eosin (Fig.  5) . Electron microscopically, the mesenteries were occu pied with heterophilic granulocytes, which had abundant granules similar to those of the granulocytes observed in head kidney and abdominal cavity (Fig. 6 ).
Incorporation of BrdU
After the oral administration of BrdU, the incorporated chemicals were scarcely detected in the tissues of day-2 samples, except head kidney. In day-4 samples, some of peritoneal cells and interstitial free cells incorporated BrdU (Fig. 7) , whereas most of the cells in interstitial tis sue, abdominal cavity, and mesenteries incorporated BrdU in fish 6 days and 8 days after administration. Espe cially, the marginal small nuclei of large round cells were stained strongly with the anti-BrdU antibody (Fig. 7, 8 , ar rows). Some of the intraperitoneal free cells near the pericardial membrane were also stained by the antibody. Only a few cells in mesenteries incorporated BrdU in day-4 samples.
Discussion
Histological examination of red sea bream reveals that many intraperitoneal free cells are present in the anterior abdominal cavity surrounded by pericardial membrane, air bladder, esophagus, stomach, and liver and that this space is most abundant in resident peritoneal cells. The space prior to the liver of the abdominal cavity is the most suitable for obtaining red sea bream intraperitoneal free cells.') Therefore, we expected that there were routes other than the blood stream by which intraperitoneal free cells moved from hematopoietic tissue to the abdominal cavity. Detailed structural examination also indicates that there are many heterophopic granulocytes in mesenteries. The human mesenteries are known to consist of loose connec tive tissue with fibroblasts, mast cells, and macrophages (histiocytes).7,8) We could not detect other cellular compo nents than heterophilic granulocytes and a few large cells in red sea bream mesenteries. The data suggests that the resident peritoneal granulocytes may migrate from hematopoietic tissues to the abdomen through mesenteries and that the mesenteries of this species of marine fish have unique appearances differing from mammalian mesente ries.
There are abundant large cells and a few heterophilic granulocytes in the mesenteriolum and the adjacent coe lomic space near head kidney. We also detected fibroblas tic or undifferentiated mesenchymal cells with many granu lar or vacuolar structures which had similar morphological characteristics to the granules of the peritoneal large cells. The BrdU incorporation experiment indicates that they are young cells soon after cell division (within 4 days) as both cells incorporated BrdU into nuclei, clearly showing that the morphological characteristics of the large cells are not the result of cell aging. The result also suggests that the red sea bream heterophilic granulocytes have a longer life span than mammalian neutrophils.9) The data also suggests that the source of large cells may be mesenteriolum and the ad jacent coelomic space near head kidney, especially neighboring head kidney, as we could not detect large cells in the blood stream or head kidney hematopoietic tissue. 2 Mouse fibroblasts become heavily granulated or vacuolat ed, the morphology of which resembles those of red sea bream peritoneal large cells, when cocultured with bone marrow mast cells.10) F. Levi-Schaffer et al. suggested that the morphological changes of cocultured fibroblasts were due to the effects of histamine and prostaglandin released by mast cells.10,11) Therefore, we could not deny the pos sibility that the origin of red sea bream peritoneal large cells was vacuolar degenerated or edematous interstitial fibroblasts. However, all fish used (more than 100 fish) had healthy appearances, though these degenerative changes are induced by the pathological effects of mast cells in inflammation. In fish tissues, there is no evidence for the presence of a mast cell or basophilic granulocyte with func tional characteristics analogous to those of mammalian sues of mesenteriolum and the adjacent coelomic space near head kidney are the most rich place in "large cells" in internal organs and tissues neighboring the abdomen. The BrdU incorporation experiment and electron microscopi cal observation suggest that the connective tissue of mesen teriolum and the adjacent coelomic space near head kid ney is the one of the "large-cell-poietic" places. Mesenteries are the most heterophilic granulocyte-abun dant place. Heterophilic granulocytes produced in head kidney and body kidney hematopoietic tissues may mi grate to mesenteries by the blood stream and the mesen teriolum and the adjacent coelomic space near head kid ney. However, it is also important to study the origin of heterophilic granulocytes and large cells in mesenteriolum and the adjacent coelomic space near head kidney.
